abdominale basse. Les enfants ont refu en prdm#dication du s~cobarbital 6 rag. kg -I, du pentazoc'ine 0,5 rag. kg -I et de ratropine 0,01 rag. kg -I en injection intramusculaire. Quatorze enfants ont refu de l'anesthdsie gdndrale avec du protoxyde d'azote et d'halotane, quatorze autres ont refu de l' analgdsie caudale avec 1,5% de m~pivaca'fne. Les concentrations plasmatiques de glucose, dpin~phrine, et nordpindphrine n'ont pas chang~ dans le groupe d'anesthdsie gdn~rale mais ont diminud pendant et aprds la chirurgie dans le groupe anesth#sie caudale (P < 0,05). Lors de la chirurgie, les concentrations ~taient diffdrentes entre les deux groupes (P < 0,05). Les concentrations plasmatiques d'insuline et de cortisol ont augment~ aprds la chirurgie (P < 0,05), et les concentrations d'hormones de croissance ont augment~ durant et aprds la chirurgie clans le groupe anesth#sie gdn#rale (P < 0,05), mais les concentrations de ces hormones n'ont pas changd durant et aprds l'anesth~sie dans le groupe anesth~sie caudale. Les concentrations plasmatiques de lactate n'ont pas changd clans les deux groupes. Ces r~sultats indiquent qu'une anaig~sie caudale supprime les rdponses m#taboliques et endocriniennes au stress associ~ d la chirurgie abdominale basse chez les enfants.
Caudal anaesthesia has been used for surgery and postoperative pain relief in children, i-3 However, no data are available on the effect of caudal anaesthesia on the metabolic and endocrine stress responses to surgery. In adults, epidural analgesia inhibits the metabolic and endocrine stress responses associated with lower abdominal surgery and suppresses, to some degree, the stress responses associated with upper abdominal surgery. General anaesthesia does not inhibit these responses. [4] [5] [6] The suppression of insulin secretion has been observed in adults during abdominal surgery with general anaesthesia but not in children. 4'7's Therefore, it is assumed that there are differences between adults and children in the responses to surgical stress under epidural analgesia.
The purpose of the present study was to compare the concentrations of metabolic variables and hormones during and after surgery utilizing general anaesthesia or caudal epidural analgesia in children. 
Methods

Patients
The study was approved by our institutional human investigation committee and parental consent was obtained for each patient. Twenty-eight otherwise healthy (ASA physical status I) children scheduled for elective surgery of the lower abdomen, weighing between 10 and 20 kg, were selected for the study and randomly divided into two groups of 14 each: children in Group 1 received general anaesthesia and children in Group 2 received caudal analgesia. One child in each group was crying in the operating room before induction of anaesthesia and was excluded from the study. The operations performed were inguinal hernia repair, correction of undescended testis and plastic operations of the penis and urethra.
Anaesthesia
All children were permitted to take fluid po until midnight. They received premedication with secobarbital, 6 mg'kg -I, pentazocine 0.5 mg.kg -I, and atropine, 0.01 mg. kg --I, ira, one hour before induction of anaesthesia. Anaesthesia was induced with 66% N20 and 0.8-1.5% halothane in O2 by mask early in the morning. Heart rate, heart sound, blood pressure, ECG, rectal temperature, and haemoglobin oxygen saturation were monitored. Intravenous cannulation was performed with 20-g cannulae in both arms, one for fluid administration and the other for blood sampling. Normal saline was infused continuously at a rate of 6 ml. kg-~. hr-I using an infusion pump (Terumo STC-503, Tokyo, Japan). A 21-g epidural catheter (Portex, England) was inserted through an 18-g disposable needle (Termo, Tokyo, Japan) placed in the sacral canal. In Group 1, general inhalation anaesthesia was continued during the surgical procedure and no agents were administered through the caudal epidural catheter during the study. Ventilation was assisted to avoid hypercapnia using a CO2 analyzer (Ohmeda 5200). In Group 2, the inhalation anaesthetics were discontinued 30 min before commencing surgery, and caudal analgesia was produced by an initial injection of 10 mg. kg-~ of 1.5% mepivacaine without epinephrine through the caudal catheter after confirming the absence of blood or cerebrospinal fluid reflux. The dose given was determined in a previous study, 9 to obtain an analgesic level up to Tto. Test doses were not used. One-half to two-thirds of the initial dose of mepivacaine were injected through the caudal catheter 60 min after the initial injection. The level of cutaneous analgesia was observed by pin-prick testing 20 min after caudal injection. The upper margin of analgesia was delineated by the absence of movement in response to painful stimulation. When the patient appeared apprehensive or moved the upper limbs during surgical procedures, he was given 3-4 mg" kg -t of thiamylal iv. For postoperative pain relief in Group I, one half or two thirds of the initial dose of 0.25% bupivacaine solution without epinephrine, as determined in a previous study, ~~ were injected through the caudal catheter after the last blood sampling. Normal saline was changed to a maintenance solution of 4.3% glucose in an electrolyte solution.
Blood sampling and analysis
Three blood samples of 7 ml were drawn through a short venous catheter with a heparinized syringe, five minutes after venous cannulation and before caudal catheterization, 30 min after skin incision during surgery, and 20 min after the end of surgery. All samples were centrifuged immediately at 4 ~ C for ten minutes to separate the plasma. For catecholamine measurements, 2 ml of the plasma were deproteinized by the addition of I ml of 2.5% perchloric acid. The samples were stored at -30 ~ C until measurements of glucose, lactate, epinephrine, norepinephrine, insulin, cortisol and growth hormone could be performed. Plasma glucose and lactate concentrations were measured by automated enzymatic techniques (Shimazu CL-760, Kyoto, Japan), the inter-assay coefficients of variation at 5.5 mmol. L -I and 1. l mmol .L -t being 1% and 2%, respectively. These assays have limits of sensitivity of 0.05 mmol. L -I. Plasma epinephrine and norepinephrine concentrations were measured by HPLC method (Toso HLC-825CA, Tokyo, Japan). This assay system is based on the trihydroxyindole reaction, and has a limit of sensitivity of 0. l nmol. L-t for epinephrine and the inter-and intra-assay coefficients of variation are less than 3%. Plasma insulin, cortisol and growth hormone concentrations were estimated by radioimmunoassay techniques (Otsuka assay, Tokushima, Japan) using the following kits: insulin (Dainabot, the inter-assay coefficient of variation was 8% at 50 pmoI-L-~); cortisol (Baxter, 5% at 0.3 Ixmol-L-~); growth hormone (Dainabot, 7% at 5 I~g. L-I).
Statistical analysis
Within each group, the results of repeated measurements Mean .4-SD. Significant differences (P < 0.05): *within group compared with values before surgery; t between groups.
were analyzed by analysis of variance (ANOVA) for repeated measures and then, where appropriate, followed by Scheffrs test. Comparisons between Groups 1 and 2 employed one-way ANOVA. P values <0.05 were considered significant. The data are presented as mean ---SD.
Results
There were no differences in the patient characteristics (Table I) or the metabolic and hormonal values measured before surgery between the groups (Table II) . The mean duration of surgery was 65 ---32 min in Group I and 55 • 17 min in Group 2 (NS). Surgical blood loss was too small to be measured. The mean upper level of analgesia obtained 20 min after caudal injection was Ts.l_+l. 0 in patients in Group 2.
Metabolic changes
None of the patients had signs of hypoglycaemia before induction of anaesthesia. Plasma glucose concentrations were unchanged during the course of this study in Group 1. However, in Group 2, the plasma glucose concentration decreased during and after surgery compared with the preoperative value (P < 0.01). The mean plasma glucose concentration in Group 2 was lower than that in Group 1 during and after surgery (P < 0.01). Plasma lactate concentrations stayed unchanged in both groups.
Hormonal changes
Plasma epinephrine and norepinephrine concentrations remained unchanged during surgery and decreased slightly after surgery in Group I. However, in Group 2, they decreased during and after surgery (P < 0.01). The mean plasma epinephrine and norepinephrine concentrations were lower in Group 2 than in Group 1 during surgery (P < 0.01, 0.05, respectively). Plasma insulin and cortisol concentrations increased after surgery in Group 1 compared with the preoperative values (P < 0.05) but remained unchanged in Group 2. Plasma growth hormone concentration increased during and after surgery in Group 1 (P < 0.01, 0.05, respectively). In Group 2, there was considerable variation in growth hormone concentration during and after surgery.
Discussion
Metabolic responses to surgery
Our results showed that the increase in plasma glucose concentration due to surgical stress was prevented by caudal epidural analgesia. Plasma glucose levels were low during and after surgery performed with caudal analgesia, though they were normal or high during general anaesthesia without infusion of glucose. Hypoglycaemia produced by prolonged preoperative starvation has been reported in children. ~1"~2 However, we did not observe hypoglycaemia before induction of anaesthesia in this study. Recently, Welborn et al. 13 recommended a 2.5% dextrose-containing solution for routine use in children who undergo outpatient surgery. We also recommend iv administration of a dextrosecontaining solution during and after caudal analgesia in paediatric surgery.
A hyperglycaemic response to surgery is mediated mainly by catecholamines and cortisol, and partly by growth hormone and other hormones. 14 In this study, no differences were observed in the plasma concentrations of cortisol and growth hormone between the two groups. However, plasma cateeholamine levels were lower with caudal analgesia than with general anaesthesia. The mean plasma insulin concentrations during surgery were similar in the two groups; therefore the low plasma glucose concentrations produced by caudal analgesia are probably caused by suppression of catecholamine release and block of sympathetic efferent pathway (Tr-Tg) to the liver. 4"14
Kehlet et al. 6 reported in adults that blood lactate concentration increased during abdominal hysterectomy under general anaesthesia but remained unchanged under epidural analgesia. However, Traynor et al. js reported that there was no difference in blood lactate concentrations between general anaesthesia and epidural analgesia groups undergoing cholecystectomy. In our study, no difference was observed in plasma lactate concentrations between the two groups. Blood lactate concentration is affected by many factors including glucose infusion, infusion volume, tissue perfusion, and catecholamine levels. Since blood pyruvate concentration was not measured, we cannot comment further on glucose metabolism and lactate production.
Hormonal responses to surgery
Our results showed that the release of catecholamines was inhibited by caudal analgesia during and immediately after surgery in children. Increases in epinephrine and norepinephrine concentrations during surgery result from afferent pain stimuli. General inhalational anaesthesia does not inhibit the increases in catecholamine concentrations in adults, I6 while epidural analgesia may inhibit them by afferent nerve block from the site of surgery. 7 '17 There is one report that plasma epinephrine and norepinephrine concentrations decreased during caudal analgesia in children but with halothane anaesthesia plasma epinephrine concentration increased and norepinephrine concentration was unchanged, t s In our study, no increases in plasma epinephrine or norepinephrine concentrations were observed during surgery following general anaesthesia. This difference could have resulted from heavy premeditation with secobarbital and pentazocine, deep inhalational anaesthesia, and the more minor surgery in our patients.
Plasma cortisol concentration increases in response to surgical stimuli in infants and children as in adults. 6'19'2~ In adults, this response to lower abdominal surgery is suppressed by epidural analgesia but not by general anaesthesia. 4-6'21 Our results in children were different. In our study, plasma cortisol concentrations remained unchanged during surgery in the two groups but increased after surgery in Group 1. We assumed that deep anaesthesia with nitrous oxide and halothane suppressed the cortisol response to minor lower abdominal surgery in Group 1.
Insulin secretion during surgery is suppressed by the direct effect of anaesthesia and by activation of the sympathetic nervous system, 7's and is mainly stimulated by an increase in blood glucose concentration. In our study, plasma insulin concentrations remained at a constant level during surgery in the two groups. This may have resulted from the low, moderate, and constant levels of plasma glucose and catecholamines during surgery.
Methodological considerations
The present study was conducted in heavily sedated children premedicated with secobarbital and pentazocine, to avoid excitement before induction of anaesthesia. Although we have no information of the effect of heavy premeditation on stress responses, all values obtained before surgery in the present study were within normal limits. Caudal anaesthesia is usually performed in sedated children in surgical practice, therefore the results obtained in the present study are clinically relevant.
Caudal analgesia extended up to Ts in patients in Group 2. The level of analgesia was higher than the intended Tio, because local anaesthetic solution was administered through the caudal catheter placed in the sacral canal. In our previous study, 9 the solution was injected as a single dose through a short needle.
Variations in plasma growth hormone concentrations during and after surgery were very large, therefore the increases in the mean value in Group 2 from 1.6 +--0.3 p,g'L -I to 6.1 • 10.3 p,g.L -t or 4.0 • 3.6 I~g.L -~ were not statistically significant. We cannot explain the reason for this wide variablility.
In conclusion, our findings demonstrate that caudal analgesia suppresses the metabolic and endocrine stress responses to lower abdominal surgery in children. The increases in blood insulin, cortisol and growth hormone concentrations were suppressed, and the decreases in blood glucose and catecholamine concentrations were induced, by caudal analgesia.
